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ABSTRACT
Failure of central vein cannulation may occur in as high as 10% of cases using anatomical landmark
(ALM) as guidance for the direction of needle puncture. In addition, significant time and patient
discomfort may be required besides possibility of adverse complications such as hematoma,
pneumothorax and arteriovenous fistula formation. Use of ultrasound-guided cannulation of central
veins has been studied previously with good results by using dedicated ultrasound probes and
needle holder/guides. We tested the results by using dedicated ultrasound probes without the
needle holder/guide. Data were analyzed retrospectively over an 8-month period, in attempt to
compare, the ultrasound guidance without the needle guide method and the ALM guidance for the
placement of central venous catheters in internal jugular and femoral veins. Central vein was
located with a 7.5 MHz transducer which is connected to a portable, battery powered, 2-dimentional
(2D) echo device. There were total of 48 episodes of central venous cannulation (37 internal jugular
and 11 femoral veins). Of these, 25 were done under ultrasound guidance. The number of skin
punctures and passes under the skin were lower in the ultrasound-guided group. The vein was
entered (passed) during the first attempt in 72% of the ultrasound-guided group, as compared with
only 26% of the ALM group. The time needed was under 5 minutes in most ultrasound-guided
cases. There were no immediate or late major complications in both groups. We conclude that
ultrasound guidance without the need of the dedicated needle guide produces comparable results
of fewer venous puncture attempts, increases success rate, and low complications rate. Routine
use of ultrasound guided central vein cannulation is encouraged.
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The placements of double lumen catheter for dialysis
are required before arteriovenous fistula is available in
patients with end stage renal failure. It has been estimated
that up to 60% of uremic patients require central venous
access during their renal replacement therapy (1).
The placement of acute hemodialysis (HD) catheter is
usually achieved with a blind anatomical landmark-
guided (ALM-guided) technique. However, failure of
central venous cannulation may occur in as high as 10%
of cases (2). Even in experienced hands, it may involve
multiple attempts at cannulation. The risk of
complications also increases with the number of attempts.
Numerous known complications include local hematoma,
carotid artery puncture, pneumothorax, brachial plexus
irritation, hemothorax, laryngeal hematoma, vocal cord
paralysis, carotid arteriovenous fistula, venous laceration,
arrhythmia, cardiac perforation, pericardial tamponade,
and death (2).
In simple cases, the time honored anatomical landmark
(ALM) technique provides an easy and rapid access of
the central vein. However, the success of it depends on
the normal anatomical location of veins, venous patency,
venous caliber and the skill of operator. The ALM
technique becomes difficult with patients with previous
catheter placements leading to venous stenosis,
thrombosis and scarring of tissues. It is also difficult to
achieve a standard head-down position to allow location
for the ALM in patient with acute pulmonary edema and
severe lung diseases.
In the recent few years, the use of real time ultrasound
guidance for the insertion of acute dialysis catheters have
been reported in a number of studies and their results
compared favorably with the ALM-guided technique (3-
7). Previous studies have concentrated on the use of
specific needle guides attached to the ultrasonic probe
for venous cannulation. This technique requires certain
degree of learning and adaptation. In this study, we
described a technique similar to the use of ALM but
without requirement of the needle guide. It allows a
shorter time to learn the technique especially for those
who are experienced in the ALM technique.
METHOD
Data of acute dialysis catheter placements over an 8-
month period were analyzed retrospectively from the
medical notes of patients in the Alice Ho Miu Ling
Nethersole Hospital in Hong Kong. Variables collected
include patients' age and sex, history of previous
cannulation, indication and result of dialysis, anatomical
sites of puncture, number of skin punctures and passes
under the skin before successful cannulation. All
complications were recorded with and without the use
of ultrasound guidance. The number of passes under the
skin was defined as the number of attempts of puncture
into the vein after skin puncture. A successful first attempt
was defined as a successful venous access obtained with
one pass of needle under the skin. The statistic program
of SPSS (version 8.0) was used. Nonparametric Chi-
square test was used for statistic analysis of results.
Ultrasound-guided localization of the veins was obtained
using the Site Rite II® device (Dymax Corporation,
Pittsburgh, PA). The Site Rite II® is a portable ultrasound
scanner powered by rechargeable batteries. It is designed
for the guidance of percutaneous vascular access with a
7.5 MHz mechanical sector transducer. Visualization is
obtained via a 3 inch diagonal screen with an on-screen
depth guide showing markers at 0.5 cm intervals. A
maximum image depth of 4 cm can be obtained. A simple
gain control next to the main screen provides easy
optimization of the 2-dimensional (2D) image. The probe
has a built in 5 cm stand-off where detachable, sterile,
depth-calibrated needle guide could be attached. Each
disposable sterile pack comes with a set of needle guides
as described together with a sterile plastic sheath to cover
the entire probe and ultrasound gel. The entire device
can also be mounted on a mobile roll-stand for easy
transfer between wards.
Most of the cannulation procedures were performed by
doctors who were experienced in the ALM technique at
the renal dialysis unit. Patients having previous
cannulation were targeted to select for placement of
venous catheter with ultrasound-guided technique. The
carotid/femoral artery was first located by palpation.
Transducer probe was held in position with one hand to
provide direct visual anatomical information. The needle
was advanced with another hand under the ultrasound
guidance. It provided real time visual information of the
direction and depth of the needle in the appropriate vein
to avoid double penetration. For right internal jugular
vein cannulation, the patient was asked to lie  on a bed
in a head-down position. The neck was exposed and
cleansed with iodine and then alcohol. The triangle
between the sternal and clavicular heads of the
sternocleidomastoid muscle was identified. The internal
jugular artery was manually located by the left hand.
Local anesthesia was applied at the area between the two
heads of the sternocleidomastoid muscle, lateral to
carotid artery. The introducer needle, connected to a 10
mL syringe half  f i l led with normal saline at
approximately 60o,  was then advanced in the direction
of the right nipple in men, or the right anterior superior
iliac crest in women. Once the introducer needle tip was
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seen inside the corresponding vein, the venous blood was
aspirated. The syringe was then removed and a standard
guide-wire was introduced into the internal jugular vein
via the introducer needle. The needle was then removed
with the guide-wire in situ. A double lumen catheter was
advanced with guidance of the wire into the internal
jugular vein. The guide-wire was then removed. For right
femoral vein cannulation, the patient was lie flat on a
bed. The femoral triangle inferior to the inguinal ligament
was identified and the right femoral artery manually
located by the left hand. The introducer needle was then
inserted medial to the femoral artery after local
anesthesia.
The needle guide and the sterile pack were not used in
our patients, as described in previous studies (3-5). The
ultrasound probe was disinfected with normal saline, then
alcohol and wrapped in sterile surgical towel with the
end of the probe exposed. For right internal jugular vein
cannulation, sterile gel or alcohol was applied on the
probe and the area between the two heads of the
sternocleidomastoid muscle. The internal jugular vein
was identified by its location, compressibility with probe
pressure and lack of pulsation. On the other hand, the
carotid artery would be pulsatile, non-compressible and
usually located more medially and posteriorly.
Visualization of the vein was obtained throughout its
entire length along its longitudinal as well as transverse
axis so as to obtain a mental image of the course of the
internal jugular vein and its relationship with the carotid
artery. The site of puncture was chosen and local
anesthetic infused. The prob was held with the left hand
in a position where the midline mark on the probe
coincided with the center of the internal jugular vein.
Under real-time ultrasound guidance, the skin was
punctured with the introducer needle at a point of 1 cm
to 3 cm away from the probe and in line with the center
marking on the probe. The distance between the probe
and the site of skin puncture as well as the angle of entry
of the introducer needle depends on the depth of the
internal jugular vein as visualized on screen. The needle
was then advanced along the course of the vein until
venous blood was aspirated. The procedure afterward
was identical to that of the ALM technique. In all cases,
chest x-ray was performed routinely after the procedure
to rule out the presence of pneumothorax and ascertain
the position of the catheter.
For ultrasound-guided right femoral vein cannulation, a
similar technique was used. The femoral vein and artery
were visualized and the femoral vein located in line with
the center marking on the probe. Again, with the probe
held with the left hand, the skin was punctured distal to
the probe.
RESULTS
There was no statistially significant difference between
the two groups of patients. The mean ±SD age of the
ALM group was 57.5 ±14.8 years, while the mean ±SD
age of the ultrasound-guided group was 54.4 ±14.0 years.
There were 14 male and 11 female in the ultrasound-
guided group. Seventeen males and six females were in
the ALM group. Eleven out of 25 (44%) patients had a
history of previous cannulation in the ultrasound-guided
group compared with eight out of 23 (35%) patients in
the ALM group.
Forty-eight episodes of cannulation were performed in
the 8-month period. Thirty-seven internal jugular and
11 femoral venous approaches were used. Of the 48
cannulations, 23 (48%) were done by ALM technique
(18 internal jugular and five femoral veins) and 25 (52%)
by the ultrasound guidance (19 internal jugular and six
femoral veins).
The median (range) number of skin punctures was lower
in the ultrasound-guided group compared with the ALM
technique (median 1 vs 2; range 1-5 vs 1-5) although it
did not reach statistical significance (p = 0.14). The
respective successful rate with  the cases by ultrasound
guidance and ALM technique of first attempt was
achieved in 72% (18/25) and 26.1% (6/23), second
attempt in 16% (4/25) and 34.8% (8/23), third attempt
in 4% (1/25) and 4.3% (1/23), fourth attempt in 4% (1/
25) and 17.4% (4/23), fifth and above in 4% (1/25) and
17.3%. (4/23).  The number of passes was significantly
lower in the ultrasound-guided group [median 1 (range
1-5)] compared with the ALM technique [median 2
(range 1-8)] (p = 0.025). All patients in the ultrasound-
guided group were successfully cannulated. Two patients
in the ALM-guided group failed to be cannulated and
the procedure was abandoned. There were no major
complications except for two incidences of femoral
arterial puncture in the ultrasound-guided group, and,
one incidence of arterial puncture in the ALM-guided
group with subcutaneous hematoma formation.
DISCUSSION
Central venous access is widely used in a large number
of clinical settings in addition to HD. Although time
honored and widely practiced, the ALM technique has
its drawbacks.
There is a significant proportion of patients with the
anatomical positions of their blood vessels altered (8-
10). Lin et al (8) have reported that external ALM is not
reliable in about a quarter of uremic patients. Only
57.7% to 60.6% of their 104 patients had their internal
jugular veins of adequate size and normal location. The
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internal jugular vein was more medial over-riding the
carotid artery in 21.2% to 26% of cases. A further 8.7%
of cases had small caliber veins which made it difficult
for targeting. The remaining group represented cases
where the exact location of the internal jugular vein was
unpredictable using ALMs. In another study, half of the
1136 patients had their internal jugular vein overlie the
carotid artery which would predispose to carotid arterial
puncture due to double wall puncturing (9). In contrast,
Denys and Uretsky have found that more than 90% of
internal jugular veins were lateral and anterior to carotid
arteries. The veins increased in diameter with Valsalva
maneuver in 200 cardiac patients (10). In their study,
only 3% of cases showed a small vein, 2% with an
overlying internal jugular vein and 2.5% showing
thrombosed internal jugular veins. Therefore, the ALM
technique is not entirely accurate or safe due to natural
anatomical variations. In addition, previous cannulation
for temporary HD with subsequent thrombosis of central
veins and scarring of surrounding tissues distorts the
anatomy further in these patients.
The ultrasound-guided technique had a better first
attempt success rate in our patients. In previous studies
(3-5), the first attempt success rate with ultrasound-
guided technique was in the order of 80% whereas the
ALM technique was in the order of 35%. Data from our
patients confirm the usefulness of ultrasound-guided
technique. Besides, we were able to obtain similar results
without requiring the needle guide as in previous studies.
One disadvantage of the ultrasound-guided technique is
the additional cost of sterile sheath and needle guide
required for each cannulation. However, previous
investigators have shown that these additional costs are
balanced by a reduction in the number of catheters wasted
in unsuccessful attempts (2). The cost/benefit ratio can
be steered further in favor of the ultrasound-guided
approach with our data showing equally good results
without the needle guide.
Previous studies have already shown that ultrasound
localization of central vein alone, without real-time
ultrasound guidance, did not confer any additional
advantage compared with the blinded ALM technique
(11). In these studies, the first attempt success rate with
real time ultrasound guidance was 83% comparing with
35% when only simple vein localization was employed.
The provision of real time information of the anatomical
position of needle during cannulation enabled the
operator to avoid damaging unrelated tissue causing
severe complications. In our study, there were no major
complications recorded in both methods. One incidence
of arterial puncture next to internal jugular vein by the
ALM approach was noted. The two incidences of femoral
arterial puncture in the ultrasound-guided group were
due to the unfamiliarization of the operator at an early
learning stage to the technique. There were no infective
complications observed in the ultrasound-guided
technique.
In our experience, the ultrasound-guided technique was
easy to learn and perform. We also found it was safe for
those who had less experience of performing the
cannulation with little assistance required. The use of
ultrasound guidance was associated with a lower number
of attempts. The average number of passes (needle
thrusts) needed was reduced from 2.5 ±2.7 using ALM
versus 1.3 ±0.8 using ultrasound guidance in Denys group
(5). The number of passes was 1.17 ±0.38 with ultrasound
versus 2.05 ±1.00 with the ALM technique in the series
reported by Farrell and Gellens (4). The data with our
ultrasound-guided technique had a comparable result
with the previous reports. The number of skin punctures
was reduced from 1.91 ±1.11 to 1.36 ±0.86 (ALM versus
ultrasound-guided). The number of passes under the skin
was reduced from 3.26 ±2.82 to 1.52 ±1.05. The lower
number of punctures and passes would reduce the
discomfort  and number of  procedure related
complications in patients.
It has been reported that ultrasound guidance of
cannulation may lead to the reduction of experience and
training in the blind ALM technique. The first attempt
success rate has dropped over the years (12). However,
in consideration of the patients, it is probably more
important to consider the advantages of reducing
discomfort and procedure related complications from the
patient's point of view.
In summary, we conclude that ultrasound guidance of
venous cannulation may reduce the number of attempts,
increases success rate, and, decreases patients' discomfort
and complications. Comparable results can be obtained
without the need of an attached needle guide. Routine
use of ultrasound-guided central vein cannulation is
encouraged.
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